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WHOOPING COUGH: OBSERVATIONS ON EXPERI-
MENTAL INFECTION IN MICE AND ON ATTEMPTS
AT ACTIVE IMMUNIZATION IN MICE AND IN
FERRETS*
C. S. CULOTTA, F. L. MARTING, AND A. A. LIEBOW
Since the isolation of H. pertussis in 1906 by Bordet and
Gengou,' investigators in the field of whooping cough have sought
a satisfactory practical laboratory method for demonstrating the
virulence of this organism. These pioneer workers showed that
large doses of H. pertussis when given subcutaneously, intraven-
ously, orintraperitoneally to laboratory animals caused death. They
observed that multiplication of the organisms introduced did not
occur, since recovery of the organism from the lesions was unusual.
Klimenko3 showed that large doses of dead cultures, killed by heat-
ing to 600 C., also caused death in the same manner as did living
cultures in comparable doses. He found that the guinea-pig was
killed by the growth from 1 12 to 2 blood agar slopes, the rabbit
by that from 3 to 4 slopes, and the mouse by Y4 slope when injected
intraperitoneally.
Toomey and his co-workers1' established a relatively accurate
M.L.D. for guinea-pigs of a given weight, the dosage being
expressed in terms of wet weight of the organism. Large doses
were used.
Powell and Jamieson5 reported a method for enhancement of
H. pertussisvirulence by the intraperitoneal inoculation of micewith
starch-coated cultures of H. pertussis.
Recently, Burnet and Timmins2 reported experimental infection
in the mouse by intranasal inoculation of H. pertussis, a method
which has promise as a practical laboratory procedure for demon-
strating the pathogenic action of this organism. This report was of
interest to us since similar studies have been in progress in our
laboratory for the past two years.
We are presenting in this paper our observations on the experi-
mental infection in mice with H. pertussis, and the results of
attempts at active immunization in the mouse and in a few ferrets.
* From the Depattments of Pediatrics and Pathology, Yale University School of
Medicine. This study was aided by a grant from the Research Funds of the Yale
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Experimental
1. Intranasal Instillation of H. pertussis in Mice
Methods
Two sets of stock mice were used, 4-week-old mice weighing
10-12 gms. and mature mice 8 weeks old weighing 20-25 gms.
The animals were lightly anesthetized in aglass jar containing gauze
soaked with ether, and 4 drops (.04 cc.) of a saline suspension of
H. pertussis were instilled in the nares.*
Results
TABLE I
MORTALITY OF OLD AND YOUNG MICE FOLLOWING INTRANASAL INSTILLATION OF
H. pertussis
Weight Number Died Mortality
Young Mice ....... 10-12gms. 31 29 93%o
Adult Mice ... .... 20-25 gms. 21 14 66%o
Table I shows that the mortality following this method of
inoculation was high in both groups, definitely higher in the young
mice. The age-weight factor is obviously an important one.
Toomey"1 found this to be true in guinea-pigs. The mice usually
appeared sick within 24-48 hours, death occurring between the first
and the eighth days, usually within 4-5 days in the young mice.
In the older group, although most of these succumbed within this
period, in a few death did not occur until the second to the third
week after the inoculation. At autopsy the lungs were dark and
voluminous. Cultures of the lungs and heart blood were positive
for H. pertussis. Contaminants were rare if the animals were
examined shortly after death. Positive lung cultures were obtained
also from the few dying in the third week. These results are not
characteristic merely of one strain, for several other recently isolated
strains have produced a similar picture.
* A fresh strain (Doyle) from a cough plate was subcultured on Bordet medium
and the 72-hour growth was washed with 5 cc. of sterile saline, the suspension
being thoroughly shaken to break up clumps. The suspension was then aspirated
into a 1 cc. tuberculin syringe having a hypodermic needle attached, and the dose
of 4 drops (.04 cc.) was delivered through this hypodermic needle. The plate
growth of the organism presented the characteristic pearly appearance of the colony,
which was surrounded by a faint halo of hemolysis, and was agglutinated by phase I
antiserum in a dilution of at least 1:2000.
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FIG. 1. (Above) Mice-Ist to 4th
day x300
Edema and polymorphonuclear exu-
date about small blood vessel and within
alveoli.
FIG. 2. (Below) Mice-7th to 8th
day x120
Mononuclear collar about blood vessels
and bronchioles. Polymorphonuclear
cells, fibrin, bacteria, and coagulated
protein in alveoli.EXPERIMENTAL WHOOPING COUGH
Pathology
Gross. In the gross the lungs were dark and voluminous.
Frothy material exuded from the cut surfaces and from the bronchi.
Hemorrhagic pleural fluid was not infrequently observed but the
pleural surfaces seemed smooth.
Microscopic. The description of the microscopic picture of the
lungs is based upon 4 groups of mice dying at different intervals:
First group, those dying 1-4 days after the inoculation; second
group, 7-8 days; third group, 14 days; and a fourth group, at
21-24 days.
Among the earliest changes (1st to 4th day) is edema about the
blood vessels (Fig. 1). Polymorphonuclear leukocytes are scat-
tered within the edematous tissues and appear in very small numbers
in some alveoli. Groups of alveoli about a few bronchioles are
filled with fibrin that encloses granular basophilic masses of bacteria.
Necrosis and hemorrhage have occurred in a few such foci. Here
the fibrillar character of fibrin is not in evidence. The epithelium
of the bronchioles is in general well preserved and their lumina are
empty or contain homogeneous pink-staining material. Inclusion
bodies are not found.
At the 7th to 8th day (Fig. 2) the changes are similar but are
much more diffuse. The exudate contains more polyTmorphonuclear
cells and in some zones has become necrotic. In one of these
animals collars of small mononuclear cells have appeared about the
bronchioles and blood vessels.
At the 14th day the lungs have an appearance not notably dif-
ferent from that at the 7th to 8th day. There are no mononuclear
collars, but small groups of lymphocytes are gathered in the adven-
titial coats of some of the vessels.
Animals surviving into the 4th week (21st to 24th day) have
alveoli and bronchioles generally filled with homogeneous pink-
staining material except for a few alveoli which are hyperexpanded.
Necrotic tissue and exudate have caused the pleura to bulge in some
places. The lining epithelium of the bronchioles is very thick.
In another paper we have described the response to H. pertussis
in ferrets.* The response to H. pertussis in mice is more variable
than is that seen in ferrets and differs from the latter in certain
particulars. Fibrin is deposited and necrosis occurs; the lining cells
* In print.
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of the alveoli do not become increased in height. In the presence
of perivascular and peribronchiolar lymphoid collars and in the
excellent preservation of the epithelium of the bronchioles, however,
they are similar.
2. Attempts at Active Immunization
In view of the foregoing results, further experiments were
planned to see whether it was possible to immunize actively mice
and ferrets against infection with H. pertussis following the intra-
nasal inoculation. Sauer's vaccine and Kreuger's endoantigen were
the immunizing agents used.
Methods
Mouse Experiment. Three sets of young Swiss mice, 5-6 weeks
old and weighing between 15 and 20 grams, were used as experi-
mental animals. The first set of 60 mice was inoculated weekly
with 0.5 cc. of Kreuger's endoantigen4 (Lilly) intraperitoneally for
4 weeks. The second set of 60 mice was inoculated with Sauer's
vaccine7 (Lilly) in a similar manner. A third set of 40 mice, as
a control group, was inoculated with H. influenzae formolized vac-
cine (0.2 per cent) in comparable doses. Four weeks after the last
dose the vaccinated mice (now weighing 20-25 gms.), together with
two control groups consisting of 50 adult (20-25 gms.) and 43
young (15 gms.) mice, were inoculated intranasally with a recently
isolated strain of H. pertussis which was agglutinated by phase 1
antiserum in a dilution of 1: 2000. The suspension of the organism
and the dose used were as previously described.
TABLE II
MORTALITY IN VACCINE TREATED SWISS MICE
Type ofvaccine Weight No. of Mice Died Mortality
Kreuger ........... ........... 20-25 gm. 48 24 50%o
Sauer ......... ............. 20-25 gm. 39 13 33%
H. influenzae ...................... 20-25 gm. 28 13 47%o
Controls:
Adult ................ ...... 20-25 gm. 50 25 50%O
Young ...................... 15 gm. 43 29 67%o
Table II shows that the original number in each experimental
group has decreased. It was observed that following the early
intraperitoneal inoculation of vaccine the mice became ruffled and
sick. Following the inoculation with Sauer's vaccine, shaking spellsEXPERIMENTAL WHOOPING COUGH 237
lasting about one-half hour were a rather constant finding and some
animals were found dead the next day. This shaking reaction was
attributed to the phenol in Sauer's vaccine, since inoculation of
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CHART I (Ferret 23) Immunization with Sauer Vaccine
0.5 per cent phenol alone produced the same picture. This reac-
tion became less marked after repeated inoculations.
The results show that vaccination with Sauer's- or Kreuger's
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CHART II (Ferret 22) Immunization with Kreuger Endoantigen
antigen did not confer an appreciable protection. Although the
lower mortality in the Sauer group is suggestive, the difference in
mortality is not strikingly significant when subjected to statistical
analysis. Here again, in comparing the mortality in the young and
adult controls, the age-weight factor seems to be important.YALE JOURNAL OF BIOLOGY AND MEDICINE
The pathology of the lungs in all the groups showed no appre-
ciable differences from that previously described.
Ferret Experiments. In this experiment two healthy ferrets
weighing between 600 and 700 gm. were inoculated subcutaneously
with Sauer's vaccine, 0.5 cc. in the first and second weeks and 1 cc.
in the third and fourth weeks, making a total of 3 cc. of vaccine.
A sharp febrile reaction of 2° C. lasting for 24 hours was observed
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CHART III (Ferret 41) Control
following each inoculation, and the animals lost weight. Two other
ferrets of comparable weight were inoculated subcutaneously with
similar doses of Kreuger endoantigen. No febrile reaction was
noted and there was only a slight weight loss. Four weeks after
the last dose these animals, with suitable controls, were inoculated
intranasally under light ether anesthesia with 1 cc. of a saline sus-
pension of H. pertussis.
In these ferrets no protection was observed. In another paper
we have described the pulmonary lesion produced in ferrets follow-
ing intranasal instillation of H. pertussis. The above charts com-
pare the course of events in ferrets; No. 22 inoculated with
Kreuger endoantigen, ferret No. 23 inoculated with Sauer's vaccine,
and ferret No. 41 a control.
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The charts show that the course in each ferret following the
intranasal inoculation is essentially the same: febrile reaction lasting
5-6 days, X-ray signs of a pulmonary lesion, loss of weight, and
positive nose cultures for H. pertussis on the 2nd day. Clinically,
all the animals appeared sick. No protection was observed in these
few animals following attempts at active immunization with either
Kreuger endoantigen or Sauer's vaccine.
Discussion
From these experiments it is observed that following the intra-
nasal inoculation ofH. pertussis mice develop an interstitial pulmon-
ary lesion similar in several respects to that observed in the disease
in man. This infection carries a high mortality, especially in young
mice. Burnet and Timmins,2 using a similar technic, describe in
mice a lung lesion having "two cardinal features of the human
pathology--multiplication of the organism in the mucus lining the
bronchial tubes, . . . and interstitial pneumonia." They further
state that: "One can regard the relation between the mouse and
human infections as very similar to the relation between experi-
mental pneumonia in the mouse due to influenza virus and human
influenza."
No implication can be drawn from the evidence at hand that the
lesions observed in these experiments are specific for H. pertussis.
A similar interstitial lesion in mice and other animals, following
inoculation of the animals with a variety of organisms and toxic
substances, has been described by several investigators. Rake'
observed an interstitial reaction in mice following the intranasal
instillation of the pneumococcus, especially type III. Stillman and
Schulz"0 produced an extensive interstitial lesion in rabbits by the
intranasal inoculation of pneumococcus type I. Sprunt, Martin, and
Williams8 9 describe similar anatomical changes in rabbits following
intratracheal inoculation of H. pertussis, B. typhosus, and bacterial
toxins. Furthermore, a similar picture is described by us* in ferrets
following inoculation with either living or heat-killed H. pertussis.
That this lesion of the mouse lung is not a specific infectious picture
is also suggested bythe failure to protect mice with pertussis vaccines.
* In print.
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Summary and Conclusions
1. Intranasal instillation of small doses of phase I H. pertussis
causes a high mortality in both young and adult Swiss mice and
produces a pulmonary lesion from which H. pertussis is recovered.
The lesion is characterized by an accumulation of cells along the
course of the broncho-vascular rays.
2. No appreciable immunity was observed in mice or in a few
ferrets previously inoculated with Kreuger or Sauer vaccines when
tested by the intranasal method of reinoculation.
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